Non-technical summary
The euro area constitutes a major economic block and its participation in international trade is comparable to that of other large economies like the US, China and Japan.
In addition, as a natural outcome of the European economic integration process, the intra euro area trade has increased its relevance. These facts interrelate with the development of global value chains (GVCs), which base on the idea that production processes have become geographically fragmented, especially in manufacturing sectors, with different stages of production taking place in separate locations. In this context, domestic value added combines with foreign value added in order to produce exports, which are later embodied in other products or consumed as final goods and services.
International fragmentation of production implies an intense trade of parts and components, with foreign and domestic value added being combined along the supply chain. The development of GVCs has not only impacted on trade between major world blocks like the US, European Union (EU) and Asia but it is also responsible for the increased importance of regional linkages in Europe. The accession of Central and Eastern European economies to the EU and the creation of the euro area by a subset of its Member-States have been important drivers of this process.
The development of GVCs bears consequences that go beyond international trade and foreign direct investment, affecting product and labour market developments and posing challenges to monetary policy. The increased interdependence of economies, their resilience in the event of shocks affecting parts of the GVC, as well as differences between gross trade flows and value-added in trade, impact on monetary policy decisions.
The economic literature has been making progress in the measurement and mapping of GVCs. Although the interpretation of trade in value added indicators is now essentially established, there is still insufficient work on the analysis of the results for regional trade blocks or individual countries along the time, geographic and sectoral dimensions. This paper takes a descriptive approach, comparing the main features of GVCs in the euro area taken as a whole with those of other large economies, which are also key players in international trade and act as major currency areas (US, China and Japan). The economic adjustment mechanisms in the euro area as a whole are close to those operating in US, China or Japan because exchange rates are fixed and non-monetary integration dimensions are strong. In addition, the perspective of individual euro area countries is also considered, with a special focus on intra-area linkages.
The paper assesses the role of GVCs in a country's exports, making use of the concept of foreign value added content of exports such as in Hummels et al. (2001) , Koopman et al. (2010) and Stehrer (2012) . This concept provides a deep understanding of the charac-
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teristics of GVCs operating outside and inside the euro area, as it takes into account the country of origin of the value added contained in imported inputs used to produce goods and services that are subsequently exported. The computation of these measures requires the existence of a global input-output (I-O) matrix. Although the internal organization of a global I-O matrix is similar to that of classical I-O matrices, its information content is much larger because country-sector pairs of inputs are disentangled along country-sector pairs of outputs. The analysis carried out in the paper is based on the World Input-Output Database (WIOD), which links national supply and use tables with bilateral trade data in goods and services to produce a unique global I-O table. This database builds on national official statistics; it covers 27 EU countries and 13 other major world economies and comprises 35 industries, corresponding to a broad NACE classification (see Timmer et al. (2012) and Dietzenbacher et al. (2013) ). This paper focuses on the years 2000, 2007, 2009 and 2011 . This latest year is very relevant as it provides insights on GVCs' developments following the global economic and financial crisis, which strongly impacted in international trade and in the overall macroeconomic situation of the euro area.
The results show that, in 2011, for the euro area taken as a whole, GVCs were as important as in China and more important than in the US and Japan. The high relevance of GVCs in the euro area, measured by the share of foreign value added in exports, is accompanied by their comparatively stronger resilience in the face of the trade collapse. This contrasts with the developments in China and may reflect the existence of GVCs with different characteristics. When euro area countries are taken individually, there is substantial heterogeneity in the evolution of GVCs from 2000 to 2011. Nevertheless, the foreign content of exports increased for more than half of euro
Introduction
Global Value Chains (GVCs) became omnipresent in production processes around the world, especially in manufacturing sectors. This trend impacts not only on international trade between major blocks like the US, European Union (EU) and Asia but it has also risen the importance of regional linkages. As for the European regional production networks, important drivers were economic integration with Central and Eastern European economies and the creation of the euro area by a subset of EU countries.
The economic literature has been making progress in the measurement and mapping of this phenomenon. In the methodological front contributions have focused on the proposal of new indicators that measure the pervasiveness and assess the role of GVCs. Building on the initial contributions by Feenstra and Hanson (1999) and Hummels et al. (2001) , broader frameworks for computing the foreign and domestic content in exports have been suggested by Koopman et al. (2010) , Johnson and Noguera (2012a) and Stehrer (2012) . Although the interpretation of trade in value added indicators is now essentially established, there is still insufficient work on the analysis of the results for regional trade blocks or individual countries along the time, geographic and sectoral dimensions. Some recent contributions along these lines are Johnson and Noguera (2012b) and Backer and Yamano (2012) . This paper takes a descriptive approach, comparing the main features of GVCs in the euro area with those of other very large economies, which also act as key players in international trade and as major currency areas (US, China and Japan). In addition, the perspective of individual euro area countries' is considered, with a special focus on intra-area linkages. The focus of the paper on the euro area bases on the notion that its economic adjustment mechanisms and trade ties are closer to those operating in US, China or Japan than to those of EU as a whole, because exchange rates are fixed and non-monetary integration dimensions are stronger. In short, the analysis of developments in GVCs in the context of the economic integration process in the euro area stands as the main research question.
The paper computes domestic and foreign value added embodied in a country's exports, making use of the concept of foreign value added content of exports (FVAiX) such as in Koopman et al. (2010) and Stehrer (2012) . This concept improves on the measure of "vertical specialization" proposed by Hummels et al. (2001) as it takes into account the country of origin of value added contained in imported inputs used to produce goods and services that are subsequently exported, thus providing a deeper understanding of the characteristics of GVCs operating outside and inside the euro area. The analysis is based on the World Input-Output Database (WIOD), which ECB Working Paper 1761, March 2015links national supply and use tables with bilateral trade data in goods and services to produce a unique global input-output table. This database builds on national official statistics, it covers 27 EU countries and 13 other major world economies and comprises 35 industries, corresponding to a broad NACE classification (see Timmer et al. (2012) and Dietzenbacher et al. (2013) ). The paper focuses on the years 2000, 2007, 2009 and 2011 . This final year is very relevant as it provides insights on GVCs' developments following the global economic and financial crisis period, which started in 2007 and strongly impacted in international trade and in the overall macroeconomic situation of the euro area.
The results show that, in 2011, for the euro area taken as a whole, GVCs were as important as in China and more important than in the US and Japan. The high relevance of GVCs in the euro area, measured by the share of foreign value added in exports, is accompanied by their strong resilience in the face of the trade collapse.
This contrasts with the developments observed in China, which may reflect GVCs with different characteristics. When euro area countries are taken individually, there is substantial heterogeneity in the development of GVCs from 2000 to 2011. Nevertheless, the foreign content of exports increased for more than half of euro area countries. In sectoral terms, the analysis shows that the services sector has increased its importance in GVCs of most countries. The results obtained for the euro area confirm the notion that GVCs have a strong regional dimension. In the period 2000-2011 the export share of foreign value added sourced within the euro area was more stable than that sourced from other blocks, representing around 11 per cent of total exports for the average euro area country throughout the period.
The paper is organized as follows. Section 2 presents the methodological framework to decompose value added in trade and reviews the interpretation of these measures. Section 3 focuses on the GVCs operating between the euro area as a whole and other major trade blocks, while section 4 looks at intra euro area value added flows. Next, section 5 looks at individual countries in order to identify common trends and differences in their supply linkages within and outside the euro area. Section 6 presents some concluding remarks.
Methodology
This section briefly reviews the methodology underlying the computation of the measure used in the paper to asses the pervasiveness of GVCs -the foreign value added content in a country's gross exports (FVAiX). In addition, the section presents the measures of domestic value added in exports (DVAiX) and re-exported domestic value ECB Working Paper 1761, March 2015added in imports (RDVAiM), i.e., the exported domestic value added that returns back home (embedded in imports) and is subsequently exported.
The value of gross exports reported in the trade statistics exceeds the value added actually created in an economy in the production of its exports. The FVAiX belongs to the last generation of indicators that try to take account of this fact, i.e., indicators that aim to measure the value added created in foreign countries that was imported in the form of intermediates and, after some processing, was embodied in the country's exports. The recently available global input-output matrices, where country-sector pairs of inputs are disentangled along country-sector pairs of outputs, allow for the calculation of the FVAiX.
We base on Trefler and Zhu (2010) and Stehrer et al. (2012) for a simple presentation of the indicator. The global Leontief inverse matrix is denoted as L = (I − A) −1 , with dimension NC × NC, where N stands for the number of sectors and C for the number of countries. The vector of value added coefficients, i.e., value added created per unit of gross output in country r, is denoted by v r . This 1 × NC vector contains the value added coefficients for country r and zeros otherwise. Further, country r's exports are written in a vector e r , which is of dimension NC ×1 and reports the exports as positive elements and zeros otherwise.
The DVAiX basically picks the on-diagonal block in the Leontief inverse for country r, pre-multiplies with the value added coefficients in each sector and post-multiplies with the values of exports, that is:
The FVAiX provides the value added directly and indirectly created in the country from which intermediates are imported (source country s) for production of country r's exports and is calculated in a similar way. It implies pre-multiplying the Leontief inverse by the vector containing the value added coefficients for country s and zeros otherwise, denoted as v s , and post-multiplying with country r's exports vector. In other words, the FVAiX basically takes the off-diagonal blocks of the global Leontief inverse for country r, pre-multiplies with country s value added coefficients and post-multiplies with the vector of country r exports. Formally, this is written as:
Next, summing up over all partner countries, the total foreign value added embodied in country r's exports is:
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This expression is akin to the one suggested by Hummels et al. (2001) to calculate the import content of exports, designated as "vertical specialization". However, in equation 3 the calculation is based on a value added concept and uses a global Leontief inverse, rather than a basic matrix with the country's import coefficients.
Adding the domestic and the foreign value added in exports, as presented in equations 1 and 3, provides the value of total exports in gross terms. The same procedure described in equations 1 to 3 can be applied when the value added content of exports of a particular sector is analysed. In this case only the exports of the selected sector are included in the export vector e r .
The calculations consider a country's total exports, i. Koopman et al. (2010) , Stehrer et al. (2012) and Stehrer (2012) , for detailed discussions).
The imports of a given country can be disentangled by using the same approach described above ). In order to discuss the characteristics of GVCs it is useful to calculate the value added that is embodied in exports but returns back home (embedded in imports) and is later embodied in new exports. This measure provides insights on the existence of GVCs where some intermediates are sent abroad for transformation before the final stage of production in the initial country. For example, this would be the case of a country exporting parts and components of an automobile, which are transformed abroad and reimported for final assembly before being exported.
To estimate this re-exported domestic value added in imports (RDVAiM) we proceed in two steps. Firstly, the domestic value added embodied in imports (DVAiM) is obtained.
Secondly, the coefficient that results from dividing the level of DVAiM by total imports is applied to FVAiX ratio. In order to compute DVAiM the strategy is similar to the one presented above. Country r's imports from the other countries are denoted by m other countries as positive entries and zeros otherwise. The domestic value added in a country's imports is then calculated as:
Equation 4 picks up the off-diagonal blocks of the rows of country r in the global inverse Leontief, which are pre-multiplied by country r's input coefficients and post-multiplied by country r's bilateral imports. Koopman et al. (2010) shows that subtracting this re-imported domestic value added from the domestic value added content of exports, i.e., equation (1) - (4), yields the "value added in exports" (VAX) as also defined in
Johnson and Noguera (2012a)(see Stehrer (2013) , for a detailed bilateral assessment). Next, taking I as 1 × NC vector of ones:
yields the proposed measure of the re-exported domestic value added in imports.
External euro area linkages
This section presents the patterns of FVAiX when the euro area is taken as a whole, i.e., the euro area is taken as "home country" and its member countries as "regions". In addition to the FVAiX, Table 1 refer to very different kinds of activities like production of raw materials or design and R&D. An important result that emerges is that the values for the DVAiM and RDVAiM in the euro area as a whole tend to be higher than those for China and Japan but somewhat closer to those of US in DVAiM. The scale of the euro area economy, the types of products exported and the organizational choices of its firms are key determinants for this relatively high share of value added re-imported from extra-area countries. A broader discussion of these aspects is taken up in section 5, where the analysis sheds light on the role of the German economy to this result for the euro area. The developments of FVAiX and DVAiM in China from 2000 to 2011 point towards a progressive "upstreamness" of its exports. In fact, in this period Chinese FVAiX increased relatively less than it's DVAiM. Nevertheless, this type of analysis is only approximate and more precise and elaborate measures of "upstreamness" exist in the literature (see, for example, Antràs et al. (2012) ).
Figure 2 breaks down the FVAiX between manufacturing and services for the major economies. Unsurprisingly, the largest share corresponds to the manufacturing sector. 
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Internal euro area linkages
This section assesses the supply linkages between euro area countries, which implies restricting the analysis to intra-area trade of internally generated value added. It is clear that some of these internal value added flows would not exist in reality if extraeuro trade was not present. For example, if all energy was produced outside the area, internal trade and even production would be impossible in this framework. Therefore, this section must be interpreted as an analysis of production linkages existing inside the euro area but in a context where the latter is integrated in the world economy. Unsurprisingly, the key bilateral linkage lies between Germany and France, each one being the other's main client and supplier.
There is another set of results that emerges from Table 2 . The difference between countries' marginal distributions in the row and column dimensions can be interpreted as the "trade in value added balance" within the euro area. These numbers suggest that Germany runs a surplus in the intra euro area "trade in value added balance".
A similar position is found for Netherlands, whereas France shows a deficit. The similar magnitude of shares in the value added supplied and consumed within the euro area for Spain and Italy suggests a position close to balance and a very small deficit, respectively.
The sectoral dimension of intra-area production linkages has changed from 2000 to 2011. Figure 4 presents the share of manufacturing in each country's total supply of value added to the euro area in this period. The most striking feature is that this share The analysis of the product dimension within euro area GVCs can be detailed in a bilateral way. This makes it possible to identify whether specialization patterns are partner-specific or common across euro area partners. Table 3 presents the share of manufacturing in bilateral intra-area value added flows and the numbers below 50
per cent are shaded in gray. Luxembourg and Malta consistently show low shares for manufacturing (high shares for services). Conversely, more than half of the value added moving from most euro area countries into Ireland and Luxembourg corresponds to services. The position of Ireland and Luxembourg as users of services in the euro area is consistent with their role as headquarter of multinational corporations and financial center, respectively.
Global value chains for individual euro area countries
This section studies the role of GVCs taking individual euro area countries as they are usually treated, i.e., as autonomous countries trading with the rest of the world. Therefore, both intra and extra area value added flows are considered. As in the previous sections, the analysis proceeds along the aggregate, geographical and sectoral dimensions. explained by its specialization in the production of transport equipment. The technology in the automotive sector has been defined as "spider-shaped", i.e., multiple parts and components come together to assemble the final product, in contrast to a "snake-shaped" technology where goods move in a sequential manner from upstream to downstream stages with value being added along the way (Baldwin and Venables (2013) ). A "spider-shaped" production process makes it easier to configure production in such a way that both the most upstream stage of the production process (e.g., product design) and the assembly stage remain in the home country, thus turning RDVAiM high. Timmer et al. (2013) argues that developments in German automobile industry in the last two decades partly deviated from those visible at global level. Firstly, in the global car industry assembly stages have largely been kept close to consumption markets mainly to facilitate penetration and reduce transport costs. Secondly, there has been a strong global/regional integration in the production of parts and components. Nevertheless, the delocalization of the final stages of production in Germany's automobile industry is relatively weaker than in other European automobile industries because of its orientation towards high quality segments, which are signalled by the fact that they are "made in Germany". In fact, FVAiX in Italy and France is in line with that of Germany, but the RDVAiM is much lower.
The analysis of the FVAiX by source country adds insights to the analysis of GVCs ECB Working Paper 1761, March 2015 In the case of Netherlands, this should be connected with its role as a global trade hub and also as headquarters of a major oil company. In fact, between 2000 and 2007, the increase of the FVAiX sourced in the "Rest of the world" is observed in several countries is partly due to the strong increase of oil prices imported from producer countries. Finally, it is important to refer the role of China as source of FVAiX in euro area countries. Although China is widely referred as a key part of GVCs, it represents less than 2 per cent of FVAiX for about half of euro area countries. Nevertheless, China's relevance as input provider increased rapidly in the overall period under analysis with a slowdown just in 2009. In 2011, the value added sourced from China and embodied in euro area exports is larger than that coming from the Eastern EU economies, similar to that of Japan & other Asia but still lower than that of USA. 
Conclusions
Global value chains have been changing the organization of production across the world, with each country specializing in particular activities within industries. Because of these vertical supply linkages, intermediates move across borders several times before being assembled into a final good. As a result, traditional trade statistics routinely used in assessing a country's production linkages became poorly informative. This paper takes a descriptive approach and studies the role of GVCs in shaping the economic integration of the euro area. This aims at providing some insights on the potential effects of economic and monetary integration within a region, which could be useful for other parts of the world facing similar integration processes, like Asia.
In methodological terms, the article adopts the framework suggested by Koopman et al. (2010) and Stehrer (2012) to break down gross exports according to their sources of value added. The key data ingredient is the World Input-Output Database (WIOD), which provides global product/sector production linkages, and the time period studied is 2000-2011. In this way it is possible to cover the years just after the creation of the euro area, the eve of the crisis, the great trade collapse and, finally, the subsequent rebound of international trade.
We find evidence of an increasing trend in the share of foreign value added in exports for the euro area as a whole over the 11-year period, with a cyclical pattern evident during the trade collapse. The foreign production linkages of the euro area are comparable in magnitude with those of other important trade blocks, including China, and there is an increasing participation of services in the value chains.
In addition, the bilateral intra euro area value added flows make it clear that Germany plays a core role in such production linkages, notably with France. Moreover, manufacturing retains a dominant role in most of these linkages. The analysis also shows that the euro area is the main source of foreign value added in exports for most member countries and its share is more stable than that of other trade blocks. In other words, the growing relevance of external suppliers does not reflect a weakening of the production links within the euro area, being instead a substitution of domestic value added by extra euro area sourcing.
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